and never by the gastrointestinal enzymes of the animals. Some in sacco research has shown interactions between the degradation of plant cell-wall polysaccharides and the hydrolysis of their associated proteins (Lindberg, 1981) . ). The degradation of nitrogen enclosed in the plant cell wall is higher when the polysaccharides are more degraded (Lindberg, 1981 Different studies using varied feed have shown that fermentation of nitrogenous compounds was increased as lignocellulose (ADF) constitutes a small proportion of the cell wall (NDF) (Blanchart, 1988; Blanchart and Vignon, 1990) . Moreover, Wallace and Kopecny (1983) (Miron and Yokoyama, 1990) . These results lead to the hypothesis that both groups of bacteria play a major role in the degradation of the plant cell wall. Due to their hydrolytic activity these bacteria could participate in the hydrolysis of cellwall polysaccharides and their associated proteins.
The aim of this study was to determine the interactions between cellulolytic and proteolytic bacteria during the degradation of the nitrogenous fraction bound to the alfalfa cell wall.
MATERIALS AND METHODS

Organisms
The pure cellulolytic strains used, Fibrobacter succinogenes S85 and Ruminococcus albus 7, were kindly provided by D Fonty (INRA, Theix). The proteolytic strains Butyrivibrio fibrisolvens S23 and Prevotella ruminicola S17/3 were isolated in our laboratory by the rumen anaerobic rolltube technique of Hungate (1950) , as modified by Bryant (1972) . The proteolytic strains were maintained in glucose-cellobiose-soluble starch-rumen fluid (MG) (Hobson, 1969) and the cellulolytic strains in the medium described by Hungate (1957) .
Growth condition
The anaerobic culture techniques were similar to those described by Hungate (1950) . The basal growth medium contained 40% (v/v) clarified rumen fluid (25 000 g for 10 min) 15% (v/v) of both mineral solutions I and II (Bryant and Burkey, 1953) , 0.0001% resazurin, 0.4% sodium carbonate and 0.05% cysteine (Dehority and Scott, 1967 
Preparation of planf residues
The treatments of fermented alfalfa were carried out to eliminate bacteria associated with the plant cell wall. After incubation and filtration on nylon cloth, the fermentation residues were transferred to NaCl 0.85% (w/v) and stored for 12 h at 4°C.
Samples were then strongly shaken for 5 min using a magnetic stirrer. The supernatant was discarded and replaced with fresh NaCI. Samples were then stored at 4°C. This procedure was applied twice at 6-h intervals. A Stomacher treatment was finally carried out for 5 min.
The fermented alfalfa was lyophilized before analysis. This method avoided the Maillard reactions that could have bound soluble proteins to the plant cell wall (Giger and Pochet, 1987 (Hungate, 1966) . In the cocultures with cellulolytic bacteria, the production of butyrate was increased. The concentrations of branched chain VFA were not modified after incubation.
DISCUSSION
In this study the monocultures of Prevotella ruminicola and Butyrivibrio fibrisolvens did not solubilize part of the alfalfa cell wall. However, both strains had previously been characterized as xylan-hydrolyzing and Butyrivibrio fibrisolvens S23 was also able to slighty solubilize filter paper.
The alfalfa cell-wall polysaccharides are surely more difficult to hydrolyze than pure polymers. Thus Miron and Yokoyama (1990) showed that Prevotella ruminicola and Butyrivibrio fibrisolvens were hemicellulose utilizers, especially after solubilization.
The slight disappearance of plant cell wall nitrogen by monocultures of Ruminococcus albus or Fibrobacter succinogenes cannot be due to the hydrolysis of plant cell-wall protein because these strains do not synthesize any extracellular proteolytic enzyme (Hungate, 1966) . This loss of nitrogen could be induced by the cellulase and the hemicellulase system or by the action of intracellular proteases liberated during the cell lysis that commonly occurs in batch cultures (Russell and Hespell, 1981 They probably used the water-soluble carbohydrates that represent = 10% of the alfalfa dry matter (Chesson and Forsberg, 1988 (Miron and BenGhedalia, 1992 ).
The association of cellulolytic and proteolytic bacteria increased NDIN degradation. Polysaccharide hydrolysis is therefore useful for the hydrolysis of cell-wall proteins. These results show that plant cellwall polysaccharides reduce proteolytic enzyme access to the protein fraction. It can also be assumed that an increase in proteolytic activity due to higher monosaccharide levels was responsible for part of the hydrolysis of the cell-wall protein.
The cellulolytic bacteria are firmly bound to fibers, unlike the proteolytic bacteria which are located in free suspension or loosely associated with fibers (Czerkawski and Cheng, 1988) . This difference in compartmentation could explain the low hydrolysis efficiency of plant cell-wall proteins. Only the rumen anaerobic fungi possess both proteolytic and cellulolytic activities (Orpin and Joblin, 1988) and are firmly bound to the cell wall by their mycelium. mine the factors that could improve the joint expression of proteolytic and cellulolytic activities in these organisms.
